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Adolescence is a fundamental transition phase, marked by physical, social, cognitive
and emotional changes. At this stage in development two contrasting phenomena take
place: brain changes cause a sensitivity to emotional aspects (Dahl, 2004); while also
control processes register as well impressive improvements (e.g., Hooper et al., 2004;
Best and Miller, 2010). The study is aimed to investigate the relationship between a
core cognitive feature such as working memory (WM) (Diamond, 2013) and complex
abilities such as emotion regulation (ER) and behavioral self-reported outcomes using a
structural equation model approach. A sample of 227 typically developed adolescents
between 14 and19 years of age (148 females; mean age in months 202.8, SD 18.57)
participated in this study. The following tasks and self-reports were administered in
a 45-min test session at school: Symmetry Span task (Kane et al., 2004). Reading
Span task (Daneman and Carpenter, 1980), Mr. Cucumber (Case, 1985); Youth Self-
Report (YSR, 11–18 years, Achenbach and Rescorla, 2001); Difficulties ER Scale (DERS,
Gratz and Roemer, 2004; Italian version by Giromini et al., 2012). Results showed that
difficulties in ER correlated with WM: high levels of ER difficulties are associated with
low WM efficiency while no significant contributions of these predictors was observed
on externalizing or internalizing symptoms. This study showed a significant relationship
between self-reported difficulties in ER and WM, while no significant contribution of the
considered predictors was showed on the outcomes, adding knowledge about how
behavioral and emotional self-reported outcomes may relate to these processes.
Keywords: working memory, emotional regulation, behavioral outcomes, adolescence, individual differences
INTRODUCTION
Adolescence is a special time in development. Dahl (2004) defines adolescence as “The
developmental interval that encompasses the body and brain changes of puberty.” During this time,
two apparently contrasting developmental phenomena occur. On one hand, brain changes cause a
sensitivity to emotional aspects of experiences that influence the increase in emotional arousal and
such phenomena as sensation-seeking, risk-taking, increased conflict with parents, increased mood
volatility and a particular increase in negative emotions (Dahl, 2004). On the other hand, cognitive
processes, particularly cognitive control functions, register impressive improvements exhibited
in such abilities as abstract thought, organization, decision-making, planning, rule management,
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and flexible adaptation to different contexts (Johnson, 2000;
Anderson et al., 2001; Hooper et al., 2004; Best and Miller, 2010).
These developmental outcomes are apparently in opposition to
each other because the ability to generate plans and reasoning
in the abstract would not explain risk-taking, sensation-seeking
and recklessness or simply general impulsiveness that is typically
observed during adolescence. This situation is particularly
interesting, since adolescents seem to have all of the crafts
necessary to evaluate correctly and plan actions. Many aspects
of decision-making appear adult-like, but adolescent decisions
may still not be coherent, and as a consequence, it is possible to
observe mal-adaptive or even dangerous behaviors.
In the literature, most of the studies on adolescence seem to
be more focused on extreme clinical outcomes, such as conduct
disorders (e.g., Kim et al., 2001), drug and alcohol abuse (see
for a review Peeters et al., 2015; Kim-Spoon et al., 2017), and
aggressive behaviors, such as bullying (e.g., Hamama and Ronen-
Shenhav, 2013; Pouwels et al., 2017), while fewer investigations
have concerned typical adolescence and the impact of superior
cognitive features, such as working memory (WM), on the
complex relationships between difficulties in emotion regulation
(ER) and behavioral outcomes, with both being considered not as
clinical issues but as normally challenging features of adolescence.
The present study aims to try to fill this gap in the literature by
investigating these aspects in a typical population of adolescents,
with a particular attention to individual differences in difficulties
in ER, WM efficiency, and behavioral outcomes.
Emotion Regulation During Adolescence
During adolescence, everyday life situations characterized by
strong affective stimuli, as mentioned, often result in enhanced
emotional outcomes. Although adolescents present a more
mature and perfected awareness of emotions, in comparison
to children, in general, the control functions exhibited by
adolescents often emerge to be unsatisfactory (Casey et al., 2008).
This phenomenon has been addressed by examining a variety
of possible developmental reasons, such as hormonal activation,
different brain development in regions that underlie this
imbalance (Giedd et al., 1996, 1999; Sowell et al., 1999; Gogtay
et al., 2004; Barnea-Goraly et al., 2005) and, in particular, elevated
activity in the ventral striatum observed during adolescence
(Ernst et al., 2005; Galvan et al., 2006; Delgado, 2007; Van
Leijenhorst et al., 2010; Sescousse et al., 2013), which seems to
influence such processes as risk-taking and decision-making.
Moreover, adolescence is a period in which the peer group
became more central and also friendship acquires importance
(Rubin et al., 2008). In this perspective, the open question is
whether failures in ER or dangerous behaviors and Rule-Breaking
may be due to a specific difficulty in regulating emotions and
behaviors or if being risky and impulsive may also be mediated
by individual and specific features that may or may not also be
elicited by the social environment. In terms of ER, defined as
the process that elicits the onset, offset and magnitude/duration
or quality of one or more emotional features of emotional
response (Gross, 1998; Gross and Thompson, 2007), more or
less adaptive abilities may also be linked to individual differences
in more cognitive forms of ER. In fact, less efficient forms of
this specific type of regulation have been connected to poor
psychological well-being (Balzarotti et al., 2016). Indeed, as
reported by Ahmed et al. (2015), this specific period of life was
found related to an enhanced occurrence of internalizing and
externalizing problems (Spear, 2000; Paus et al., 2008; Lee et al.,
2014). This finding suggests that adolescents may be vulnerable to
emotional dysregulation, which may cause not only maladaptive
outcomes but also may affect cognitive processes, including WM,
that undergo development during adolescence (Somerville and
Casey, 2010; Sebastian et al., 2011; Blakemore and Robbins, 2012;
Dumontheil, 2014) and may be particularly challenged in more
complex every-day life situations.
Working Memory in Adolescence
Working memory refers to a system that can maintain and
process information simultaneously (Engle et al., 1992; Oberauer
et al., 2016). WM is also defined as the ability to maintain
representations of recently experienced or recalled information
over a short period of time (Curtis and D’Esposito, 2003).
Therefore, WM is required for the optimal performance
of goal-directed behaviors (Diamond, 2013; for a discussion
Morra et al., 2018). Important changes occur in WM during
development, and WM task performance and latent structure
have been shown to evolve throughout middle and late
adolescence (Malagoli and Usai, 2018) following a protracted
course of development into young-adulthood (Huizinga et al.,
2006). Individual differences in WM capacity are observed
to be correlated with a variety of cognitive and social
outcomes, including school performance (Gathercole et al., 2004;
Dumontheil and Klingberg, 2012; Finn et al., 2014). Research has
shown that WM filtering ability – the ability to filter extraneous or
distracting information from WM during encoding – is strongly
associated with overall WM capacity and accuracy (Vogel et al.,
2005; Peverill et al., 2016).
Which Relationship Between WM and
ER?
Considering WM specifically, many studies run in laboratories
have reported that WM performance is affected by emotionally
based stimuli both in a positive and negative way, such as
a more vivid memory for emotional pictures (Canli et al.,
2000), emotional word-lists (Jones et al., 1987; Dietrich et al.,
2001), or humor (Schmidt and Williams, 2001), while there are
other situations in which the most adaptive behavior is actually
ignoring emotional information and attempting to not be affected
by it.
Romer et al. (2009, 2011) performed a large cohort study
investigating WM ability in a sample of early adolescents
(n = 387, ages 10–12 at baseline). In three annual assessments,
these researchers examined models in order to understand the
trajectory of weak WM, early manifestations of externalizing
problems, and heightened levels of trait impulsivity. Participants
were tested with a computerized battery of tasks to assess WM,
cognitive control, and reward processing, plus an audio-guided
computerized self-interview for impulsivity and risk behaviors
and a self-report questionnaire to evaluate externalizing and
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internalizing difficulties (YSR Achenbach and Rescorla, 2001).
Romer et al. (2009) study found WM only indirectly related
to externalizing behavior due to its relationship with acting
without thinking. In a second study (Romer et al., 2011) with
the same sample, the authors found that WM prospectively
seemed to predict reduced externalizing behavior both directly
and indirectly, with a mediation effect by acting without thinking.
In addition, WM positively predicted sensation seeking, which
was positively related to externalizing behavior also controlling
for acting without thinking. These research suggests that WM
may have a positive relationship with externalizing behavior with
a mediation of more complex aspects as sensation seeking.
These studies show the importance of WM in particular as a
cognitive factor that can relate not only to behavioral outcomes
but that may also explain more emotional forms of regulation,
such as sensation-seeking and risk-taking. However, these studies
do not address another research question of how WM may be
related to specific difficulties in ER in this sensitive time of
development.
Driven or Non-driven Behaviors, WM and
ER: What Are the Implications in
Everyday Life?
ER comprehends both more automatic features and more
effortful ones: the ability to voluntarily guide behavior and
make an effort to direct the flow of thoughts and emotions
in a goal-directed way is essential to mature decision-making,
while more automatic forms of ER are important and useful for
directing the flow of emotions and thoughts in more known
situations. From this perspective, Gyurak et al. (2011) state that
implicit processes may be evoked in an automatic way by the
stimulus itself and completed without an active monitoring.
Cognitive control processes, such as WM, allow us to voluntarily
guide our behavior and support both forms but particularly
explicit forms of regulation need this kind of cognitive control.
While adolescents can demonstrate refined voluntary behavior,
the ability to maintain consistently this attitude continues
to improve during adolescence, for this reason cognitive
control features are particularly interesting to investigate the
vulnerabilities of this period. In this sense, and in particular at
this age, ER may have a fundamental role in controlling impulses
and behaviors. The ability to manage emotions, as mentioned,
is a relatively voluntary, effortful and deliberate process, that
attempts to outbalance more spontaneous emotional responses.
Finally, ER allows people to enhance, maintain, or reduce both
negative and positive emotions. Coherently with these features,
ER often implies some adjustments in emotional responding.
Ironically, these emotional adjustments may not reach the
individual’s goal of a particular emotional state (e.g., trying to
switch from anxious to calm), and these “defeats” may also mirror
strong and emotional outcomes that people would usually like
to disguise (Wegner et al., 1993) or exhibit the emotions they
actually wanted to hide regardless their efforts. In these specific
circumstances, the natural salience of emotional stimuli and
the human tendency to process them transform these episodes
into strong interferences in competition for cognitive resources
with more relevant information (Ellis and Ashbrook, 1988),
often resulting in decreasing performance on the task in action
(Dolcos and McCarthy, 2006; Dolcos et al., 2008; Anticevic et al.,
2010; Chuah et al., 2010; Denkova et al., 2010). Considering the
enhanced emotional arousal documented in adolescence (Dahl,
2004), investigating how difficulties in emotional regulation may
be related to WM may be particularly useful in order to better
understand the vulnerabilities of this developmental stage.
THE PRESENT STUDY
The data illustrated in this paper are part of a larger study
investigating cognitive processes in adolescence (Malagoli and
Usai, 2018). The aim of this study is to explore the relationship
between specific self-reported difficulties in ER, WM and
behavioral outcomes, adding knowledge regarding this topic and
contributing to the analysis of individual differences in typical
development. Due to the importance that WM has in predicting
stronger regulation abilities (e.g., rule management, updating
of useful information) (Diamond, 2013) and the prolonged
development in time that both WM and the ability to regulate
emotion show (Dahl, 2004; Huizinga et al., 2006), we expect
difficulties in ER are associated with WM performance (Dietrich
et al., 2001; Jones et al., 1987) and to be related with behavioral
outcomes (Anticevic et al., 2010). We expect also WM to be
related to specific behavioral outcomes (Dahl, 2004; Dolcos and
McCarthy, 2006; Dolcos et al., 2008; Anticevic et al., 2010; Chuah
et al., 2010; Denkova et al., 2010).
MATERIALS AND METHODS
Participants
A sample of 240 14- to 19-year-old adolescent (158 females) high
school students participated in this study. The participants were
excluded if they did not speak Italian as their first language or
had been diagnosed with any disease (e.g., learning disabilities) or
neurological (e.g., brain infection) or psychiatric disorder. Eight
participants were excluded due to learning disabilities, four were
excluded for not having Italian as their first language, and one was
excluded due to neurological issues. The final sample included
227 participants (148 females; mean age in months 202.8, SD
18.57).
Materials and Procedure
We administered one 45-min test session in a quiet room that
was provided by the school. A symmetry-span task, reading span
task and the Mr. Cucumber task were administered by a trained
experimenter. The task sequence was exactly as listed above.
Questionnaires were asked to be filled out during the session,
and participants were asked to return them at the end of the
administration day.
Self-Report Measures
Difficulties in Emotion Regulation Scale (DERS, Gratz and
Roemer, 2004; Italian version by Giromini et al., 2012). The
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DERS is a self-report questionnaire composed by 36 items
developed to assess severe difficulties in ER abilities. Scores
are provided for six scales: Non-acceptance of Emotional
Responses (Non-acceptance, 6 items), Difficulties Engaging
in Goal-Directed Behavior (Goals, 5 items), Impulse Control
Difficulties (Impulse, 6 items), Lack of Emotional Awareness
(Awareness, 6 items), Limited Access to ER Strategies (Strategies,
8 items), and Lack of Emotional Clarity (Clarity, 5 items).
Participants may set their responses on a 5-point Likert scale
ranging from 1 (almost never) to 5 (almost always). To determine
the internal consistency of the questionnaire, Cronbach’s alpha
was calculated for the total DERS score and for each subscale.
Cronbach’s alphas were larger than 0.70 for all of the scales:
Non-acceptance 0.73, Goals 0.85, Impulse 0.85, Awareness 0.72,
Strategies 0.89, Clarity 0.84 and DERS Total 0.92.
Youth Self-Report (YSR, 11–18 years, Achenbach and Rescorla,
2001, Italian version as available on the http://www.aseba.org
website). This questionnaire is a screening measure for behavioral
and emotional difficulties in children and adolescents. The YSR
is also part of the Achenbach System of Empirically Based
Assessments (ASEBA). The 2001 revised YSR comprises 112
items in a six-month time lapse. Participants are asked to indicate
how often a certain behavior applies to them on a three-point
scale (0 = absent, 1 = occurs sometimes, 2 = occurs often).
Scores are provided on eight subscales: Anxious/Depressed,
Withdrawn/Depressed, Somatic Complaints, Social Problems,
Thought Problems, Attention Problems, Rule-Breaking Behavior,
and Aggressive Behavior. Subscales are clustered in order
to identify individual’s externalizing or internalizing profiles.
Internalizing is the resulting profile from Anxious/ Depressed,
Withdrawn/Depressed, and Somatic Complaints scores, and
Rule-Breaking Behavior and Aggressive Behavior result in the
Externalizing profile. Cronbach’s alphas were larger than 0.70
for all the scales: Anxious/Depressed 0.74, Withdrawn/Depressed
0.75, Somatic Complaints 0.73, Social Problems 0.71, Thought
Problems 0.72, Attention Problems 0.73, Rule-Breaking Behavior
0.73, and Aggressive Behavior 0.70.
Working Memory Tasks (for an Extensive Description
See Malagoli and Usai, 2018)
Symmetry span task (SymmSpan; Kane et al., 2004). This task is
a complex measure of WM capacity composed of two different
tasks that are performed at the same time. The first task consisted
of recalling a sequence of squares that turned red on a matrix that
appeared on the screen, while the second consisted of judging
figure symmetry. The tasks were clustered together in two to five
sets. Every square presentation was spaced out by a symmetry
task. For example, if a set is composed of two sets, two squares
and two symmetry problems, alternatively, all of the squares must
be recalled at the end of each set. A 4×4 square matrix appeared
in the center of the screen, and one of them turned red. Then, the
symmetry judgment task was presented in an 8×8 matrix, with
some squares filled in black, and the participants decided whether
the black-square design was symmetrical along its vertical axis.
Set sizes ranged from two to five symmetry–memory matrices
per trial (for 12 trials total). The presentation of sets is sequential
both for the square and symmetry problems. The participants
were instructed to recall the whole sequence of squares in the
correct order and to maintain at least 85% accuracy on the
symmetry trials. Three controls appeared on the screen, and they
were available to use during the participants’ recall: “blank” to
point to a square that they could not recall, “clear” to delete
the sequence and attempt it again, and “exit” to go to the next
set. These controls were activated by the participants themselves
using a touchpad. The participants had an unlimited amount
of time to recall all of the squares. The computer calculated
the mean RT of the participants in the practice phase for the
symmetry problems to use in the test phase. The mean RT was
expressed to the participants after the practice phase. Feedback
was provided at the end of each set, informing the participants
of their performance accuracy. One practice block was presented
for the square task (four square sets), one for the symmetry task
(15 symmetry problems) and one for the combined task (three
sets with three square tasks and three symmetry problems). The
test phase was composed of three sets of three combinations,
three sets of four combinations and six sets of five combinations.
The dependent variable was the absolute span score, which was
computed using the traditional absolute span scoring method.
This score was the sum of all perfectly recalled sets. For example,
if an individual correctly recalled two squares in a set of two,
three squares in a set of three, and three squares in a set of
four, their SPAN score would have been five (2 + 3 + 0).
A split-half reliability procedure was performed for this task. The
Spearman-brown coefficient was 0.91.
Reading span task (RSPAN; Daneman and Carpenter, 1980).
This span task is structurally identical to the previous one but
with different stimuli. The task consisted of recalling a sequence
of letters that appear on the screen while the participants judged
whether some phrases made logical sense. The two tasks were
clustered in sets (ranging from two to seven). Every letter in
each set was spaced out by a phrase problem. The participants
were asked to recall the entire sequence of letters in the correct
order at the end. The letters appeared in the center of the
screen one by one. The sentences also appeared written in the
center. Each sentence consisted of 10–15 words. Letter practice
used sequential selection. The letter-sentence practice and the
letter-sentence test used random selection without replacement
for each sequence. When presented with the recall cue, the
participant recalled each letter from the preceding set, in the
order in which they appeared, by selecting them using the
touchpad from a matrix of 12 alternatives. The set sizes ranged
from two to five sentence–letter problems per trial (for 12 trials
total). The three controls (“blank,” “clear,” and “exit”) were kept
the same. The participants were given all of the time that they
needed to recall the letter sequence. The computer calculated
the participants’ mean RT during the sentence problem practice
phase, and this personalized mean time was the maximum time
that the participants had to solve sentence problems during
the test phase. Feedback was also provided at the end of each
phase. The phases were the same, and they consisted of letters
(two sets of two and two sets of three), phrase practices (15
letters), and combined practices (two sets of two and three sets
of three letter/phrase combinations). Finally, a combined test
phase that was composed of three sets of three, four, five, and
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seven letter and/or phrase combinations was administered. The
participants received feedback as they did in the previous task.
The participants were instructed to try to be precise in recalling
the letter sequence and to attempt to maintain at least 85%
accuracy in judging the sentences. The absolute span score (i.e.,
the sum of all of the perfectly recalled sets, RSPAN) was used.
A split-half reliability statistic was calculated for this task. The
Spearman-brown coefficient was 0.91.
Mr. Cucumber task (Case, 1985). This task is a classic
visual-spatial span measure. The outline of a complex figure (an
extraterrestrial) was presented, to which colored stickers were
applied. This non-computerized task comprised three practice
items and a test phase with eight levels. In each one, three items
were displayed. The subjects were able to watch the figure for 5 s
until the fifth level, and the stickers appeared for the last three
levels. The task required the participants to recall the position
of all of the stickers by pointing to a figure without a sticker.
A thick sheet of paper depicting a grill was shown to avoid any
contribution of iconic memory when watching the time lapse
and before presenting the recall figure. A point was given for
each level that was fully correctly recalled. One-third of a point
(0.33) was given for each correct item beyond that level. The test
was discontinued if the participants failed on all three items in
the same level. The dependent measure was the score that was
obtained (expected range 0–8). The Cronbach’s alpha was 0.88.
Data Analysis
Descriptive statistics (i.e., means, standard deviations, possible
score ranges, skewness and kurtosis) and zero-order and partial
(Pearson) correlations controlling for age were calculated. Outlier
values that deviate from the mean more than three standard
deviations were excluded from the analyses. In addition, 9
values were excluded from memory scores because they did
not maintain at least 85% accuracy. The total excluded values
representing 1.8% of the full sample. A series of Structural
Equation Models (SEM) were conducted based on raw data
using MPlus 7.4 software (Muthén and Muthén, 1998–2010).
The maximum likelihood with robust standard errors (MLR)
was used as estimator. The optimal full information maximum
likelihood approach was used to estimate missing data (Collins
et al., 2001). Each model fit to the data was estimated
by examining multiple fit indices (Schermelleh-Engel et al.,
2003), including the χ2 statistic, root mean square error
of approximation (RMSEA), standardized root mean squared
residual (SRMR) and the Bentler comparative fit index (CFI).
The χ2 test was used to evaluate the appropriateness of
the SEM model. The RMSEA measured the precision with
which the covariances predicted by the model matched the
actual covariances (approximate fit in the population). The
RMSEA values ≤0.05 represented a good fit, values that were
between 0.05 and 0.08 represented an adequate fit, values
that were between 0.08 and 0.10 a mediocre fit, and values
that were greater than 0.10 were inadmissible (Browne and
Cudeck, 1993). The SRMR was the square root of averaged
squared residuals (i.e., the differences between observed and
predicted covariances). SRMR values <0.10 were acceptable.
Nevertheless, a good fit was considered values that were less
than 0.05 (Schermelleh-Engel et al., 2003). The CFI compared
the covariance matrix that was predicted by the model with
the observed covariance matrix and compared the null model
with the observed covariance matrix. A CFI value greater
than 0.97 indicates a good fit, whereas values greater than
0.95 represent an acceptable fit (Schermelleh-Engel et al.,
2003). A SEM model was tested considering difficulties in
ER and ability in WM latent variables as predictors. WM
latent predictor has been tested on a previous study (Malagoli
and Usai, 2018), whereas ER latent variables were based
on an exploratory factor analysis (EFA) using principal axis
factoring as the extraction method and varimax rotation of the
factor structure. In the SEM model the YSR subscales were
grouped into two latent variables representing internalizing and
externalizing problems. As suggested by Achenbach and Rescorla
(2001), the Anxious/Depressed, the Withdrawn/Depressed, and
the Somatic Complaints subscales load on the internalizing
factor, whereas the Rule-Breaking Behavior and the Aggressive
Behavior subscales load on the externalizing factor. The scores
of the remaining three subscales were entered in both the
aforementioned latent factors.
RESULTS
The descriptive statistics are summarized in Table 1. Correlations
among the measures are summarized in Table 2. All WM
tasks show a pattern of significant correlations that remain
when controlling for age. DERS subscales are significantly
and moderately associated with each other, as are the YSR
subscales. The pattern of associations between the different
groups of measures is restricted to a few significant correlations.
Considering the associations between the WM measures and the
questionnaire subscales, the symmetry span task is negatively
correlated with the DERS total score and with three DERS
subscales: Lack of Emotional Awareness, Limited Access to
ER Strategies, and Lack of Emotional Clarity. Moreover,
the symmetry span task significantly correlates with the
YSR - Aggressive Behavior subscale. The correlations between the
symmetry span task and both the DERS - Lack of Emotional
Awareness and the YSR – Aggressive Behavior subscales are not
significant when controlling for age. Considering the pattern of
associations between the questionnaires, the DERS – Difficulties
Engaging in Goal-Directed Behavior is significantly associated
with YSR – Somatic Complaints, and the DERS – Impulse
Control Difficulties positively correlates with YSR – Social
Problems, and these correlations remain significant when
controlling for age.
The EFA extracted two factors that account for 51% of
the total variance in the DERS. The DERS subscales load
mainly on factor 1 (35% of the total variance): Non-acceptance
(factor loading = 0.686), Goals (factor loading = 0.620), Impulse
(factor loading = 0.686), and Strategies (factor loading = 0.801).
Awareness and Clarity subscales load on factor 2 (16%; factor
loadings 0.554 and 0.755, respectively). The two factors are
labeled difficulties in emotion response (EM_R) and difficulties
in emotion knowledge (EM_K), respectively. Indeed, factor 1
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TABLE 1 | Descriptive statistics.
Mean SD Skewness SE Kurtosis SE
Symm_Span 17.44 7.947 0.328 0.169 −0.462 0.337
RSPAN 20.11 12.490 0.648 0.168 −0.090 0.335
Mr. Cucumber 6.46 1.159 −0.751 0.167 0.392 0.333
DERS_NonAcceptance 2.14 0.796 0.801 0.175 0.256 0.349
DERS_Goals 3.01 0.887 0.045 0.175 −0.513 0.349
DERS_Impulse 2.23 0.804 0.586 0.175 −0.377 0.349
DERS_Awareness 2.69 0.709 0.294 0.175 −0.419 0.349
DERS_Strategies 2.28 0.885 0.821 0.175 0.050 0.349
DERS_Clarity 2.35 0.786 0.743 0.175 −0.157 0.349
DERS_Total 87.43 20.305 0.400 0.175 −0.561 0.349
YSR_Anxious/Depressed 8.62 5.16 0.299 0.172 −0.598 0.342
YSR_Withdrawn/Depressed 4.75 3.19 0.581 0.172 −0.119 0.342
YSR_Somatic Complaints 4.96 3.42 0.503 0.172 −0.406 0.342
YSR_Social Problems 4.45 3.11 0.600 0.172 −0.426 0.342
YSR_Thought Problems 4.50 3.60 0.848 0.172 0.482 0.342
YSR_Attention Problems 6.58 3.33 0.116 0.172 −0.404 0.342
YSR_Rule Breaking 4.20 3.85 1.340 0.172 1.722 0.342
YSR_Aggressive_Behaviors 8.26 4.77 0.568 0.172 0.091 0.342
Symm_Span = Symmetry complex span; RSPAN = Reading Span.
(EM_R) consisted of subscales measuring the difficulties in
managing a response to an emotional elicitation. Factor 2
(EM_K) included two subscales measuring the difficulties in
understanding an emotional state.
Considering the SEM analysis, a full factorial model controlled
for age and gender, with three latent variables as predictors and
two latent factors as outcomes representing internalizing and
externalizing problems, is tested. The error-term squares were
considered to be estimates of the unexplained variance for each
measure. The fit indices were good or acceptable, excepting for
the chi square, but this statistic is very sensitive to sample sizes,
and in case of large sample size (greater than 200), authors
suggest relying upon other indices (Schermelleh-Engel et al.,
2003): χ2 = 165.447, df = 107, p = 0.000, RMSEA = 0.049
[90% CI = 0.034–0.063], SRMR = 0.053, and CFI = 0.947. The
model complete with the standardized solution is illustrated
in Figure 1 and the parameters are shown in Table 3. Two
out six DERS subscales, i.e., Awareness and Clarity, load on a
latent variable named difficulties in ER knowledge (EM_K). The
other four DERS subscales (Non-acceptance, Goals, Impulse, and
Strategies) load on a latent variable named difficulties in ER
response (EM_R). The three WM measures load on the latent
variable WM. The factor loadings for these latent variables are
all significant (t-values >2, Table 3). The three latent predictors
correlate with each other. The eight YSR measures load on the
two Internalizing and Externalizing latent factors (t-values >2,
Table 3). The EM_R, the EM_K, and the WM latent variables
are considered as predictors of the two YSR latent factors, but
none of these contribute significantly. The model shows that
difficulties in ER are significantly associated with WM. The
factor loading is negative, indicating that high levels of ER
difficulties on knowledge and response are associated with low
WM ability.
Age and gender influenced significantly a few measures.
Higher Awareness and Clarity difficulties were shown by the
youngest individuals (and vice-versa), that also tend to report less
problems on the Rule-Breaking Behavior YSR subscale. As regard
to gender influences, females reported more difficulties on Clarity
and Strategies DERS subscales and more Somatic Complaints in
the YSR self-report.
DISCUSSION
This study investigates the relationships between difficulties in
ER, WM and self-reported aspects of behavioral outcomes in
typically developing adolescents and young adults. In particular,
it considers the cognitive features of ER and WM, and this study
examines if these components of self-regulation can be associated
with non-adaptive outcomes in a typically developed population.
Analysis of Correlations: Pattern in WM
Tasks, DERS and YSR
A preliminary Pearson correlation analysis indicated that all
WM tasks were correlated among themselves, as were DERS
and YRS sub-scales. Pearson correlations also showed a negative
correlation between the symmetry span task, the DERS total
score and three DERS subscales: Lack of Emotional Awareness,
Limited Access to ER Strategies and Lack of Emotional Clarity.
These relationships among visual WM and specific difficulties
in awareness, strategies and clarity, are particularly interesting
considering the power that emotion has both to fix information
(Jones et al., 1987; Dietrich et al., 2001; Schmidt and Williams,
2001) or to interfere with the recall of it (Dolcos and McCarthy,
2006; Dolcos et al., 2008; Anticevic et al., 2010; Chuah et al.,
2010; Denkova et al., 2010). The symmetry span task significantly
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FIGURE 1 | The SEM model representing the significant relationships between WM, EM_K and EM_R latent factors with behavioral outcomes. The ellipses represent
the latent variables, and the rectangles represent the individual tasks or questionnaires scales (manifest variables). The curved double-headed arrows represent
correlations among the latent variables. The straight, single-headed arrows refer to significant associations. The standardized factor loadings are the numbers next to
the straight, single-headed arrows. The error terms are shown near the observed variables at the end of the smaller, single-headed arrows. EM_K = Emotion
Regulation Knowledge; EM_R = Emotion Regulation Response; WM = Working Memory; Symm_Span = Symmetry complex span; RSPAN = Reading Span;
Internal = Internalizing behaviors; External = Externalizing behaviors.
correlates also with the YSR – Aggressive Behavior subscale, but
this association, as well the association with the DERS – Lack of
Emotional Awareness subscale, was no longer significant when
controlling for age.
Considering now the pattern of association between the
DERS scale and the YSR self-report, the DERS – Difficulties
Engaging in Goal-Directed Behavior is significantly associated
with YSR – Somatic Complaints, and the DERS – Impulse
Control Difficulties positively correlates with YSR – Social
Problems, and these correlations remain significant when
controlling for age. These associations seem to show an actual
connection, specifically between more visual aspects of WM
and specific difficulties in ER and behavioral outcomes, that
mostly maintain their significance even controlling for age, as
if this pattern may be somehow typical of the age range. Given
these relationships, the SEM analysis enabled us to investigate
this existing relationship better considering latent variables and
possibly different outcomes.
Association Between WM and ER
Components
The SEM analysis considers three latent variables representing
difficulties in ER knowledge (EM_K) and in ER response (EM_R)
perceived by the participants loaded by the DERS scales and a
unitary latent dimension for WM abilities. This dual organization
for ER variables is coherent with the process model of ER abilities
illustrated by Gross and Thompson (2007): emotion-generative
process vs. cognitive reappraisal, which in our model would be
reflected by EM_R factor and EM_K factor respectively. The
unitary WM model as well has already been documented by
existing literature (e.g., Huizinga et al., 2006; McAuley and White,
2011) and this specific one has been tested in a previous study
meant to investigate the organization of WM and inhibition
during adolescence (Malagoli and Usai, 2018).
Age and gender show limited influence and in accordance with
the literature. With age increasing, the perceived difficulties in the
understanding of mental states related to an emotion decrease
(Zimmermann and Iwanski, 2014). Females more than males, in
addition to reporting difficulties in clearly perceiving emotions,
tend to report more problems in ER strategies (Weinberg
and Klonsky, 2009). Moreover, females report more frequent
somatic problems (Rescorla et al., 2007). After controlling for the
aforementioned age and gender influences, the model shows that
WM is negatively associated with both dimensions tapping ER
difficulties.
This negative relationship may be interpreted on one hand
as the awareness that emotional difficulties interfere with WM
abilities while, on the other hand, as better WM abilities may
reduce the impact of ER difficulties. This result is coherent with
the literature on adults and with theories and neuro-studies
on adolescents that show an association between emotional
components, such as difficulties in managing emotions, and more
cognitive abilities such as WM, as they could actually interfere
or modulate each other (Dahl, 2004; Dolcos and McCarthy,
2006; Dolcos et al., 2008; Anticevic et al., 2010; Chuah et al.,
2010; Denkova et al., 2010; Bridgett et al., 2013; Hendricks and
Buchanan, 2016). Bridgett et al. (2013), in particular, investigating
the effects of EF, and particularly complex features of WM
(updating and monitoring) toward more specific aspects of
self-regulation, such as effortful control, show how all these
aspects may be differentiated versus integrated in explaining the
role of self-regulatory systems in ER.
The literature documents a slower development of subcortical
versus dorsal brain regions, and often this slower development
has been considered one possible explanation for risk-taking
and difficulties in managing more emotional situations, as this
difference in time could interfere with cognitive processing of
information (Giedd et al., 1996, 1999; Sowell et al., 1999; Dahl,
2004; Gogtay et al., 2004; Hooper et al., 2004; Barnea-Goraly
et al., 2005). An interesting perspective that could explain this
condition is given by Lewis and Todd (2007). In fact, in the
authors’ theorization, they reflect on how it can be highly difficult
and tricky to speak separately about cognitive regulation and
emotional regulation. On one side, it is clear that certain forms of
regulation are carried out by executive processes, top-down and
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TABLE 3 | Factor model parameters.
Estimate S.E. Est./S.E. P-value
WM BY Symm_Span 0.798 0.218 3.653 0.000
RSPAN 0.312 0.131 2.375 0.018
Mr. Cucumber 0.246 0.083 2.967 0.003
EM_R BY DERS - Non-acceptance 0.686 0.053 12.905 0.000
DERS - Goal 0.607 0.056 10.842 0.000
DERS - Impulse 0.676 0.055 12.301 0.000
DERS - Strategies 0.835 0.052 16.171 0.000
EM_K BY DERS - Awareness 0.609 0.043 14.089 0.000
DERS - Clarity 0.601 0.047 12.739 0.000
WM WITH EM_R −0.255 0.095 −2.690 0.007
WM WITH EM_K −0.341 0.131 −2.596 0.009
EM_K WITH EM_R 0.528 0.095 5.538 0.000
Internalizing by YSR - Anxious/Depressed 0.887 0.028 31.136 0.000
YSR - Withdrawn/Depressed 0.753 0.036 20.761 0.000
YSR - Somatic Complains 0.617 0.048 12.979 0.000
YSR - Social Problems 0.607 0.070 8.632 0.000
YSR - Thought Problems 0.312 0.087 3.576 0.000
YSR - Attention Problems 0.276 0.090 3.073 0.002
Externalizing by YSR - Rule-Breaking 0.636 0.054 11.830 0.000
YSR - Aggressive Behaviors 0.829 0.056 14.771 0.000
YSR - Social Problems 0.285 0.081 3.535 0.000
YSR - Thought Problems 0.458 0.094 4.897 0.000
YSR - Attention Problems 0.474 0.099 4.797 0.000
Internalizing ON WM 0.105 0.098 1.065 0.287
EM_R 0.136 0.111 1.221 0.222
EM_K −0.022 0.138 −0.162 0.871
Externalizing ON WM 0.276 0.151 1.830 0.067
EM_R 0.015 0.136 0.111 0.911
EM_K 0.217 0.160 1.349 0.177
Symm_Span ON Age 0.123 0.072 1.717 0.086
Gender 0.029 0.069 0.415 0.678
RSPAN ON Age 0.068 0.072 0.953 0.340
Gender 0.120 0.064 1.885 0.059
Mr. Cucumber ON Age 0.130 0.071 1.822 0.068
Gender −0.058 0.064 −0.905 0.365
DERS – Non-acceptance ON Age 0.028 0.071 0.385 0.700
Gender 0.118 0.069 1.708 0.088
DERS – Goal ON Age −0.008 0.084 −0.090 0.928
Gender 0.034 0.071 0.485 0.628
DERS – Impulse ON Age 0.000 0.075 0.001 0.999
Gender 0.129 0.070 1.834 0.067
DERS – Awareness ON Age −0.240 0.066 −3.614 0.000
Gender 0.047 0.062 0.753 0.451
DERS – Strategies ON Age −0.028 0.070 −0.398 0.691
Gender 0.165 0.071 2.340 0.019
DERS – Clarity ON Age −0.161 0.066 −2.447 0.014
Gender 0.381 0.052 7.269 0.000
YSR – Anxious/Depressed ON Age 0.044 0.073 0.601 0.548
Gender 0.128 0.070 1.830 0.067
YSR – Withdrawn/Depressed ON Age 0.129 0.075 1.717 0.086
Gender 0.058 0.068 0.844 0.399
(Continued)
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TABLE 3 | Continued
Factor model parameters
Estimate S.E. Est./S.E. P-Value
YSR – Somatic Complains ON Age 0.079 0.065 1.204 0.228
Gender 0.194 0.064 3.047 0.002
YSR – Social Problems ON Age 0.028 0.069 0.401 0.689
Gender 0.083 0.070 1.182 0.237
YSR – Thought Problems ON Age 0.048 0.068 0.701 0.483
Gender −0.010 0.070 −0.139 0.890
YSR – Attention Problems ON Age 0.077 0.068 1.136 0.256
Gender −0.058 0.070 −0.828 0.408
YSR – Rule-Breaking ON Age 0.123 0.057 2.169 0.030
Gender −0.084 0.072 −1.179 0.238
YSR – Aggressive Behaviors ON Age 0.087 0.065 1.344 0.179
Gender −0.018 0.072 −0.249 0.804
Uppercase words in the first column refer to the M-Plus sintax: BY relates latent factors with their observed variables; ON means that a variable is predicted from one or
more others latent or observed variables; WITH indicates a correlation between variables; Symm_Span = Symmetry complex span; RSPAN = Reading Span
more subject to voluntary control, while others seem to click in
a more “automatic” way and rely on more primitive processes.
The key point is that these processes are in constant interaction,
and this interaction increases activity that can be both cognitive
and emotional. Using the concept of neuroaxis, Lewis and Todd
(2007) analyzed the brain activity in a bidirectional way. They
imagined these processes as the extremes of a vertical continuum
that can be “walked through” both from top-down to bottom-up
and vice-versa. In this sense, the system that may have a larger
impact on decision-making processes may change according to
the situation, and in particular emotional situations, and behavior
may be driven primarily by processes that are more primitive and
less influenced by the environment, similar to control processes.
Behavioral Outcomes, ER and WM:
Which Relationship?
Internalizing/externalizing factors of YSR appear to be separate
yet related coherently with the latent organization suggested by
Achenbach and Rescorla (2001), although no significant and
direct relation with ER and WM factor appeared. Our results, in
fact, show how difficulties in emotion regulation are associated
with WM efficiency, with WM that appear to be affected by more
complex aspects of regulation. This specific result is particularly
interesting, especially considering the age range investigated
and the potential in terms of adding knowledge about the
connection between two dimensions often treated as separate
such as emotion regulation and WM, in a time of enhancement
of the emotional arousal and growth of cognitive skills. On the
other hand the absence of significant direct relation between WM
and YSR may represent a less consistent result with respect to
the documented relation between WM and the two ER factors.
One possible explanation calls into account the problematic use
of the YSR scale with the typically developing population. In fact,
the presence of much-polarized items may not reflect a typical
expression of internalizing or externalizing tendencies, thus the
YSR scale may be more useful to discriminate extreme behaviors
than to capture individual differences within the continuum of
the norm.
Also, the fact that our sample is not a clinical one may
have a role in not finding a strong association between
these components. While presenting results, most participants
indicated that they actually could recognize themselves in Dahl’s
paradox, meaning they sometimes could not help their feelings
and emotions that they felt “all over the place.” Experiencing
emotions and actually mentalising about them may be two very
different issues, especially during adolescence (Dahl, 2004), and
the emotional impact of the event may highlight these episodes
in their minds so they report them due to their vivid memory of
it. With regard to the organization of ER, behavioral outcomes
and WM, there is a general lack of studies that directly document
similar results in terms of WM efficiency and its relation with
specific self-reported aspects of regulation, both behavioral and
emotional.
Another possible explanation with reference to this specific
result, may be found in the hypothesis formulated by Romer
et al. (2009), who found non-direct relation between cognitive
features and some more complex outcomes related also to
more emotional issues may exist In fact, according to this
hypothesis, in regression analysis impulsivity seems to be related
to externalizing behavior whereas WM shows only indirect
association with externalizing behavior mediated by impulsivity
and more complex aspects of human behavior such as sensation
seeking. We are not able to demonstrate that in our sample as we
did not consider sensation seeking for our study although this
interpretation would make sense as WM and Inhibition work
together in managing complex everyday situations (Diamond,
2013) and would be an interesting perspective to be considered
for future research. In conclusion, the results of the present study
confirm the importance of ER difficulties in WM and in being
a possible explanation for individual differences. In turn, WM is
important in managing the impact of emotional elicitations but
also in enhancing the awareness of difficulties, in reporting more
aggressive behaviors. From this perspective, the awareness from
Frontiers in Psychology | www.frontiersin.org 10 May 2018 | Volume 9 | Article 844
fpsyg-09-00844 May 29, 2018 Time: 16:25 # 11
Malagoli and Usai WM, Emotional Regulation, Behavioral Outcomes
having strong WM may be used as a tool for intervention in the
TD population, who is in a delicate time of growth (Crone, 2009;
Dahl, 2004), to be able to help them to cope with these statistically
normal difficulties and prevent future discomfort or disease.
Limitations to the Present Study
Several limitations of this study warrant mentioning. We used
self-reported questionnaires basically developed as screening
instruments that investigate social aspects of regulation
indirectly, such as tendency to “lose control” or “getting into a
fight,” which are specific and social aspects at one extreme, while
such phenomena as “going blank” and not being able to complete
a task even when the rules to perform it have already been learned
but emotional arousal or anxiety prevent the individual from
accessing that knowledge, were not investigated. Additionally,
a debriefing asking in order to better understand the three-
point responses to the YSR would have been useful. Despite
these limitations, the study showed some strengths, taking into
account a developmental period that has been less investigated,
and comparing it with adulthood and childhood using a larger
and more uniform sample, in terms of age range, than those that
have been employed in previous studies (e.g., Romer et al., 2009,
2011). It also offers an investigation of less explored aspects of the
existing relationship between WM, ER and behavioral outcomes.
CONCLUSION
In general, this study showed a significant relationship between
self-reported difficulties in ER and WM, adding knowledge
regarding how behavioral and emotional self-reported outcomes
may relate to these processes.
ETHICS STATEMENT
This study was carried out in accordance with the
recommendations of the Ethical Code of Italian Psychology
Order and of the Ethical guidelines of the Italian Association
of Psychology with written informed consent from all subjects.
All parents of the subjects gave written informed consent in
accordance with the Declaration of Helsinki. At the time we
collected the data no ethical committee was yet present to which
we could refer to.
AUTHOR CONTRIBUTIONS
CM and MCU revised the literature and conceived and
designed the study. CM collected the data. MCU run the
analysis. CM wrote the first draft of the manuscript, that was
revised also by MCU. All authors read and approved the final
manuscript.
FUNDING
This study was supported by a doctoral grant awarded to CM by
the University of Genoa.
REFERENCES
Achenbach, T., and Rescorla, L. (2001). The Manual for the ASEBA School-Age
Forms & Profiles. Burlington: University of Vermont, Research Center for
Children, Youth, and Families.
Ahmed, S. P., Bittencourt-Hewitt, A., and Sebastian, C. L. (2015). Neurocognitive
bases of emotion regulation development in adolescence. Dev. Cogn. Neurosci.
15, 11–25. doi: 10.1016/j.dcn.2015.07.006
Anderson, V., Anderson, P., Northam, E., Jacobs, R., and Catroppa, C. (2001).
Development of executive function through late childhood and adolescence
in an Australian sample. Dev. Neuropsychol. 20, 385–406. doi: 10.1207/
S15326942DN2001_5
Anticevic, A., Repovs, G., and Barch, D. M. (2010). Resisting emotional
interference: brain regions facilitating working memory performance during
negative distraction. Cogn. Affect. Behav. Neurosci. 10, 159–173. doi: 10.3758/
CABN.10.2.159
Balzarotti, S., Biassoni, F., Villani, D., Prunas, A., and Velotti, P. (2016). Individual
differences in cognitive emotion regulation: implications for subjective and
psychological well-being. J. Happiness stud. 17, 125–143. doi: 10.1007/s10902-
014-9587-3
Barnea-Goraly, N., Menon, V., Eckert, M., Tamm, L., Bammer, R., Karchemskiy, A.,
et al. (2005). White matter development during childhood and adolescence: a
cross sectional diffusion tensor imaging study. Cereb. Cortex 15, 1848–1854.
doi: 10.1093/cercor/bhi062
Best, J. R., and Miller, P. H. (2010). A developmental perspective on executive
function. Child Dev. 81, 1641–1660. doi: 10.1111/j.1467-8624.2010.01499.x
Blakemore, S.-J., and Robbins, T. W. (2012). Decision-making in the adolescent
brain. Nat. Neurosci. 15, 1184–1191. doi: 10.1038/nn.3177
Bridgett, D. J., Oddi, K. B., Laake, L. M., Murdock, K. W., and Bachmann,
M. N. (2013). Integrating and differentiating aspects of self-regulation: effortful
control, executive functioning, and links to negative affectivity. Emotion 13,
47–63. doi: 10.1037/a0029536
Browne, M. W., and Cudeck, R. (1993). “Alternative ways of assessing model fit,”
in Testing Structural Equation Models, eds K. A. Bollen and J. S. Long (Beverly
Hills, CA: Sage), 136–162.
Canli, T., Zhao, Z., Brewer, J., Gabrieli, J. D., and Cahill, L. (2000). Event-related
activation in the human amygdale associates with later memory for individual
emotional experience. J. Neurosci. 20:RC99. PMID: 11000199
Case, R. (1985). Intellectual Development: Birth to Adulthood. New York, NY:
Academic Press.
Casey, B. J., Jones, R. M., and Hare, T. A. (2008). The adolescent brain. Ann. N. Y.
Acad. Sci. 1124, 111–126. doi: 10.1196/annals.1440.010
Chuah, L. Y., Dolcos, F., Chen, A. K., Zheng, H., Parimal, S., and Chee, M. W.
(2010). Sleep deprivation and interference by emotional distracters. Sleep 33,
1305–1313. doi: 10.1093/sleep/33.10.1305
Collins, L. M., Schafer, J. L., and Kam, C. M. (2001). A comparison of inclusive and
restrictive missing-data strategies in modern missing-data procedures. Psychol.
Methods 6, 330–351. doi: 10.1037/1082-989X.6.4.330
Crone, E. A. (2009). Executive functions in adolescence: inferences from brain and
behaviour. Dev. Sci. 12, 825–830. doi: 10.1111/j.1467-7687.2009.00918.x
Curtis, C. E., and D’Esposito, M. (2003). Persistent activity in the prefrontal cortex
during working memory. Trends Cogn. Sci. 7, 415–423. doi: 10.1016/S1364-
6613(03)00197-9
Dahl, R. E. (2004). Adolescent brain development: a period of vulnerability and
opportunities. Ann. N. Y. Acad. Sci. 1021, 1–22. doi: 10.1196/annals.1308.001
Daneman, M., and Carpenter, P. A. (1980). Individual differences in working
memory and reading. J. Verbal Learning Verbal Behav. 19, 450–466.
doi: 10.1016/S00225371(80)90312-6
Delgado, M. R. (2007). Reward-related responses in the human striatum. Ann. N. Y.
Acad. Sci. 1104, 70–88. doi: 10.1196/annals.1390.002
Frontiers in Psychology | www.frontiersin.org 11 May 2018 | Volume 9 | Article 844
fpsyg-09-00844 May 29, 2018 Time: 16:25 # 12
Malagoli and Usai WM, Emotional Regulation, Behavioral Outcomes
Denkova, E., Wong, G., Dolcos, S., Sung, K., Wang, L., Coupland, N., et al.
(2010). The impact of anxiety-inducing distraction on cognitive performance:
a combined brain imaging and personality investigation. PLoS One 5:e14150.
doi: 10.1371/journal.pone.0014150
Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135–168.
doi: 10.1146/annurev-psych-113011-143750
Dietrich, D. E., Waller, C., Johannes, S., Wieringa, B. M., Emrich, H. M., and
Münte, T. F. (2001). Differential effects of emotional content on event-
related potentials in word recognition memory. Neuropsychobiology 43, 96–101.
doi: 10.1159/000054874
Dolcos, F., Diaz-Granados, P., Wang, L., and McCarthy, G. (2008). Opposing
influences of emotional and non-emotional distracters upon sustained
prefrontal cortex activity during a delayed-response working memory task.
Neuropsychologia 46, 326–335. doi: 10.1016/j.neuropsychologia.2007.07.010
Dolcos, F., and McCarthy, G. (2006). Brain systems mediating cognitive
interference by emotional distraction. J. Neurosci. 26, 2072–2079. doi: 10.1523/
JNEUROSCI.5042-05.2006
Dumontheil, I. (2014). Development of abstract thinking during childhood and
adolescence: the role of rostrolateral prefrontal cortex. Dev. Cogn. Neurosci. 10,
57–76. doi: 10.1016/j.dcn.2014.07.009
Dumontheil, I., and Klingberg, T. (2012). Brain activity during a visuospatial
working memory task predicts arithmetical performance 2 years later. Cereb.
Cortex 22, 1078–1085. doi: 10.1093/cercor/bhr175
Ellis, H. C., and Ashbrook, P. W. (1988). “Resource allocation model of the effects of
depressed mood states on memory,” in Affect, Cognition, and Social Behaviour,
eds K. Fiedler and J. Forgas (Toronto, ON: Hogrefe), 25–43.
Engle, R. W., Cantor, J., and Carullo, J. J. (1992). Individual differences in working
memory and comprehension: a test of four hypotheses. J. Exp. Psychol. Learn.
Mem. Cogn. 18, 972–992. doi: 10.1037//0278-7393.18.5.972
Ernst, M., Nelson, E. E., Jazbec, S., McClure, E. B., Monk, C. S., Leibenluft, E.,
et al. (2005). Amygdala and nucleus accumbens in responses to receipt and
omission of gains in adults and adolescents. Neuroimage 25, 1279–1291.
doi: 10.1016/j.neuroimage.2004.12.038
Finn, A. S., Kraft, M. A., West, M. R., Leonard, J. A., Bish, C. E., and Martin, R. E.
(2014). Cognitive skills, student achievement tests, and schools. Psychol. Sci. 25,
736–744. doi: 10.1177/0956797613516008
Galvan, A., Hare, T., Parra, C., Penn, J., Voss, H., Glover, G., et al. (2006). Earlier
development of the accumbens relative to orbitofrontal cortex might underlie
risk-taking behavior in adolescents. J. Neurosci. 26, 6885–6892. doi: 10.1523/
JNEUROSCI.1062-06
Gathercole, S. E., Pickering, S. J., Knight, C., and Stegmann, Z. (2004). Working
memory skills and educational attainment: evidence from national curriculum
assessments at 7 and 14 years of age. Appl. Cogn. Psychol. 18, 1–16. doi: 10.1002/
acp.934
Giedd, J. N., Blumenthal, J. J., Neal, O., Castellanos, F. X., Liu, H.,
Zijdenbos, A., et al. (1999). Brain development during childhood and
adolescence: a longitudinal MRI study. Nat. Neurosci. 2, 861–863. doi: 10.1038/
13158
Giedd, J. N., Snell, J. W., Lange, N., Rajapakse, J. C., Casey, B. J., Kozuch, P. L., et al.
(1996). Quantitative magnetic resonance imaging of human brain development:
ages 4–18. Cereb. Cortex 6, 551–559. doi: 10.1093/cercor/6.4.551
Giromini, L., Velotti, P., de Campora, G., Bonalume, L., and Zavattini, G. C. (2012).
Cultural adaptation of the difficulties in emotion regulation scale: reliability and
validity of an Italian version. J. Clin. Psychol. 68, 989–1007. doi: 10.1002/jclp.
21876
Gogtay, N., Giedd, J. N., Lusk, L., Hayashi, K. M., Greenstein, D., Vaituzis,
A. C., et al. (2004). Dynamic mapping of human cortical development
during childhood through early adulthood. Proc. Natl. Acad. Sci. U.S.A. 101,
8174–8179. doi: 10.1073/pnas.0402680101
Gratz, K. L., and Roemer, L. (2004). Multidimensional assessment of emotion
regulation and dysregulation: development, factor structure, and initial
validation of the difficulties in emotion regulation scale. J. Psychopathol. Behav.
Assess. 26, 41–54. doi: 10.1023/B:JOBA.0000007455.08539.94
Gross, J. J. (1998). The emerging field of emotion regulation: an integrative review.
Rev. Gen. Psychol. 2, 271–299. doi: 10.1037/1089-2680.2.3.271
Gross, J. J., and Thompson, R. A. (2007). “Emotion regulation: conceptual
foundations,” in Handbook of Emotion Regulation, ed. J. J. Gross (New York,
NY: Guilford Press), 3–24.
Gyurak, A., Gross, J. J., and Etkin, A. (2011). Explicit and implicit emotion
regulation: a dual-process framework. Cogn. Emot. 25, 400–412. doi: 10.1080/
02699931.2010.544160
Hamama, L., and Ronen-Shenhav, A. (2013). The role of developmental
features, Environmental crises, and personal resources (self-control and social
support) in adolescents’ aggressive behavior. Aggress. Violent Behav. 18, 26–31.
doi: 10.1016/j.avb.2012.09.001
Hendricks, M. A., and Buchanan, T. B. (2016). Individual differences in cognitive
control processes and their relationship to emotion regulation. Cogn. Emot. 30,
912–924. doi: 10.1080/02699931.2015.1032893
Hooper, C., Luciana, M., Conklin, H. M., and Yarger, R. (2004). Adolescents’
performance on the Iowa Gambling Task: implications for the development
of decision-making and ventro-medial prefrontal cortex. Dev. Psychol. 40,
1148–1158. doi: 10.1037/0012-1649.40.6.1148
Huizinga, M., Dolan, C. V., and Van der Molen, M. W. (2006). Age- related
change in executive function. Developmental trends and latent variable analysis.
Neuropsychologia 44, 2017–2036. doi: 10.1016/j.neuropsychologia.2006.01.010
Johnson, M. H. (2000). Functional brain development in humans. Nat. Rev.
Neurosci. 2, 475–483. doi: 10.1038/35081509
Jones, E. B., O’Gorman, J. G., and Byrne, B. (1987). Forgetting of word associates as
a function of recall interval. Br. J. Psychol. 78, 79–89. doi: 10.1111/j.2044-8295.
1987.tb02227.x
Kane, M. J., Hambrick, D. Z., Tuholski, S. W., Wilhelm, O., Payne, T. W., and
Engle, R. W. (2004). The generality of working memory capacity: a latent-
variable approach to verbal and visuospatial memory span and reasoning.
J. Exp. Psychol. Gen. 133, 189–217. doi: 10.1037/0096-3445.133.2.189
Kim, M. S., Kim, J. J., and Kwon, J. S. (2001). Frontal P300 decrement and executive
dysfunction in adolescents with conduct problems. Child Psychiatry Hum. Dev.
32, 93–106. doi: 10.1023/A:1012299822274
Kim-Spoon, J., Kahn, R. E., Lauharatanahirun, N., Deater-Deckard, K., Bickel,
W. B., Chiu, P. H., et al. (2017). Executive functioning and substance use
in adolescence: neurobiological and behavioral perspectives. Neuropsychologia
100, 79–92. doi: 10.1016/j.neuropsychologia.2017.04.020
Lee, F. S., Heimer, H., Giedd, N., Lein, E. S., Sestan, N., Weinberger, D. R., et al.
(2014). Adolescent mental health—opportunity and obligation. Science 346,
547–549. doi: 10.1126/science.1260497
Lewis, M. D., and Todd, R. M. (2007). The self-regulating brain: cortical-subcortical
feedback and the development of intelligent action. Cogn. Dev. 22, 406–430.
doi: 10.1016/j.cogdev.2007.08.004
Malagoli, C., and Usai, M. C. (2018). The effects of gender and age on inhibition
and working memory organization in 14- to 19-year-old adolescents and young
adults. Cogn. Dev. 45, 10–23. doi: 10.1016/j.cogdev.2017.10.005
McAuley, T., and White, D. A. (2011). A latent variables examination of processing
speed, response inhibition, and working memory during typical development.
J. Exp. Child Psychol. 108, 453–468. doi: 10.1016/j.jecp.2010.08.009
Morra, S., Panesi, S., Traverso, L., and Usai, M. C. (2018). Which tasks measure
what? Reflections on executive function development and a commentary on
Podjarny, Kamawar, and Andrews (2017). J. Exp. Child Psychol. 167, 246–258.
doi: 10.1016/j.jecp.2017.11.004
Muthén, L. K., and Muthén, B. O. (1998–2010). Mplus User’s Guide, 6th Edn. Los
Angeles, CA: Muthén & Muthén.
Oberauer, K., Farrell, S., Jarrold, C., and Lewandowsky, S. (2016). What
limits working memory capacity? Psychol. Bull. 142, 758–799. doi: 10.1037/
bul0000046
Paus, T., Keshavan, M., and Giedd, J. N. (2008). Why do many psychiatric disorders
emerge during adolescence? Nat. Rev. Neurosci. 9, 947–957. doi: 10.1038/
nrn2513
Peeters, M., Janssen, T., Monshouwera, K., Boendermaker, W., Pronk, T., Wiers, R.,
et al. (2015). Weaknesses in executive functioning predict the initiating of
adolescents’ alcohol use. Dev. Cogn. Neurosci. 16, 139–146. doi: 10.1016/j.dcn.
2015.04.003
Peverill, M., McLaughlina, K. A., Finn, A. S., and Sheridan, M. A. (2016).
Working memory filtering continues to develop into late adolescence. Dev.
Cogn. Neurosci. 18, 78–88. doi: 10.1016/j.dcn.2016.02.004
Pouwels, J. L., Salmivalli, C., Saarento, S., van den Berg, Y. H., Lansu, T. A.,
and Cillessen, A. H. (2017). Predicting adolescents’ bullying participation from
developmental trajectories of social status and behavior. Child Dev. doi: 10.
1111/cdev.12794 [Epub ahead of print].
Frontiers in Psychology | www.frontiersin.org 12 May 2018 | Volume 9 | Article 844
fpsyg-09-00844 May 29, 2018 Time: 16:25 # 13
Malagoli and Usai WM, Emotional Regulation, Behavioral Outcomes
Rescorla, L. A., Achenbach, T. M., Ivanova, M. Y., Dumenci, L., Almqvist, F.,
Bilenberg, N., et al. (2007). Epidemiological comparisons of problems and posi-
tive qualities reported by adolescents in 24 countries. J. Consult. Clin. Psychol.
75, 351–358. doi: 10.1037/0022-006X.75.2.351
Romer, D., Betancourt, L., Giannetta, J. M., Brodsky, N. L., Farah, M., and Hurt, H.
(2009). Executive cognitive functions and impulsivity as correlates of risk taking
and problem behavior in preadolescents. Neuropsychologia 47, 2916–2926.
doi: 10.1016/j.neuropsychologia.2009.06.019
Romer, D., Betancourt, L. M., Brodsky, N. L., Giannetta, J. M., Yang, W., and
Hurt, H. (2011). Does adolescent risk taking imply weak executive function?
A prospective study of relations between working memory performance,
impulsivity, and risk taking in early adolescence. Dev. Sci. 14, 1119–1133.
doi: 10.1111/j.1467-7687.2011.01061.x
Rubin, K., Fredstrom, B., and Bowker, J. (2008). Future directions in. . .friendship
in childhood and early adolescence. Soc. Dev. 17, 1085–1096. doi: 10.1111/j.
1467-9507.2007.00445.x
Schermelleh-Engel, K., Moosbrugger, H., and Müller, H. (2003). Evaluating the fit
of structural equation models: tests of significance and descriptive goodness-of-
ft measures. Methods Psychol. Res. 8, 23–74.
Schmidt, S. R., and Williams, A. R. (2001). Memory for humorous cartoons. Mem.
Cognit. 29, 305–311. doi: 10.3758/BF03194924
Sebastian, C. L., Tan, G. C., Roiser, J. P., Viding, E., Dumontheil, I., and Blakemore,
S.-J. (2011). Developmental influences on the neural bases of responses to social
rejection: implications of social neuroscience for education. Neuroimage 57,
686–694. doi: 10.1016/j.neuroimage.2010.09.063
Sescousse, G., Caldú, X., Segura, B., and Dreher, J. C. (2013). Processing of
primary and secondary rewards: a quantitative meta-analysis and review of
human functional neuroimaging studies. Neurosci. Biobehav. Rev. 37, 681–696.
doi: 10.1016/j.neubiorev.2013.02.002
Somerville, L. H., and Casey, B. J. (2010). Developmental neurobiology of
cognitive control and motivational systems. Curr. Opin. Neurobiol. 20, 271–277.
doi: 10.1016/j.conb.2010.01.006
Sowell, E. R., Thompson, P. M., Holmes, C. J., Jernigan, T. L., and Toga, A. W.
(1999). In vivo evidence for post-adolescent brain maturation in frontal and
striatal regions. Nat. Neurosci. 2, 859–861. doi: 10.1038/13154
Spear, L. P. (2000). The adolescent brain and age-related behavioral manifestations.
Neurosci. Biobehav. Rev. 24, 417–463. doi: 10.1016/S0149-7634(00)00014-2
Van Leijenhorst, L., Moor, B., Op de Macks, Z., Rombouts, S., Westenberg, P.,
and Crone, E. (2010). Adolescent risky decision-making: neurocognitive
development of reward and control regions. Neuroimage 51, 345–355.
doi: 10.1016/j.neuroimage.2010.02.038
Vogel, E. K., McCollough, A. W., and Machizawa, M. G. (2005). Neural measures
reveal individual differences in controlling access to working memory. Nature
438, 500–503. doi: 10.1038/nature04171
Wegner, D. M., Erber, R., and Zanakos, S. (1993). Ironic processes in the mental
control of mood and mood-related thought. J. Pers. Soc. Psychol. 65, 1093–1104.
doi: 10.1037/0022-3514.65.6.1093
Weinberg, A., and Klonsky, E. D. (2009). Measurement of emotion dysregulation
in adolescents. Psychol. Assess. 21, 616–621. doi: 10.1037/a0016669
Zimmermann, P., and Iwanski, A. (2014). Emotion regulation from early
adolescence to emerging adulthood and middle adulthood: age differences,
gender differences, and emotion-specific developmental variations. Int. J.
Behav. Dev. 38, 182–194. doi: 10.1177/0165025413515405
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2018 Malagoli and Usai. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 13 May 2018 | Volume 9 | Article 844
